During the Voyager 1 and 2 flybys of the outer planets it has been demonstrated that the plasma wave instrument can detect small dust particles striking the spacecraft.
Introduction
Dust particles in the solar system originate from a variety of sources. Comets shed dust into interplanetary space as they pass through the inner solar system, and meteoroid impacts on the surfaces of planets, moons, and asteroids release dust into Keplerian orbits around the Sun.
Dust can also be of interstellar origin, on hyperbolic trajectories that pass through the solar system [Grtin et al., 1993] . Light scattered off interplanetary dust can be seen as 'zodiacal light,' a reddened solar spectrum, observable within a few degrees of the Sun shortly after dusk [Abell et al., 1991] . Despite the large number of spacecraft that have been launched to explore the solar system, only a few have been equipped with dust detectors, and none have made dust measurements at heliocentric radial distances beyond 18 astronomical units (AU).
In this paper we report the detection of micron-sized dust particles in the outer regions of the solar system, from 6 to 60 AU, using the plasma wave instruments on the Voyagers 1 and 2 spacecraft.
Of the dust detectors that have been flown on interplanetary spacecraft, only four, Pioneer 10 and 11, Ulysses, and Galileo, have provided measurements beyond the orbit of Earth. Pioneer 10 and 11 used an array of 234 pressurized cells as dust detectors [Humes, 1980] . to 10 -19 g [Grtin et al., 1992a 10 -19 g [Grtin et al., , 1992b . Although these instruments have provided extensive measurements in interplanetary space [Grtin et al., 1993 [Grtin et al., , 1996 , the orbits of Ulysses and Galileo do not extend beyond the orbit of Jupiter, so the measurements are confined to the inner regions of the solar system, at heliocentric radial distances less than about 5 AU.
Although the Voyager plasma wave instruments were not designed to detect dust impacts, during the Voyager 2 flyby of Saturn's ring plane it was discovered that the plasma wave instrument could detect micron-sized particles striking the spacecraft [Scarf et al., 1982; Gurnett et al., 1983] . When a micron-sized particle strikes the spacecraft, the particle is vaporized by the 
Observations
The data used in this study span heliocentric radial distances from 6 to 60 AU. The analysis interval was started at 6 AU in order to avoid contamination by Jupiter at -5 AU, which is known to be a strong source of interplanetary dust [Grtin et al., 1993] . Measurements obtained within about 500 planetary radii from Saturn, Uranus, and Neptune were excluded in order to avoid contamination by dust orbiting these planets. For previous analyses of dust impact measurements near these planets, see Gurnett et al. [1983; 1987; 1991] and Tsintikidis et al.
[ 1994, 1995, 1996] . During the course of this study, a total of 832 frames were examined from To correctfor the nonuniformtelemetrycoverage, we havecomputedan averageimpact rate,R, in eachbin by dividing the numberof impactsby the total observingtime in that bin.
The averageimpact ratesaregiven in the fifth columnof Table 1 . Theseimpactrateswerethen usedto computea numberdensity,n, using the equation (2) where Vrm s is the root-mean-square background noise voltage on the antenna, k is an empirically determined mass to charge conversion factor, at is a factor that gives the fraction of the emitted charge collected by the antenna, C A is the antenna capacitance, and 13is the ratio of the minimum detectable voltage to the root-mean-square background noise voltage. For a detailed discussion of the above equation, see Gurnett et al. [1983] .
For our purposes, we use the values adopted in the most recent study of dust impacts by Tsintikidis et al. [1994] , which are k = 0.21 CIg, at = 0.0055, C A = 90 pF, and 13 = 0.51. For a typical background noise level in the interplanetary medium, we use Vrm s = 3 x 10 .4 V. The threshold mass then works out to be approximately 1.2
x 10 -11 g. A silicate or water ice particle of this mass would have a diameter of about 1 to 2 lam.
Since the mass-to-charge conversion factor could easily vary by up to a factor of ten, depending on the unknown composition and speed of the impacting particle, the threshold mass could vary by up to a factor of ten from the above value.
ll
Discussion
In this paper we have shown that the Voyager 1 and 2 plasma wave instruments detect a small but persistent level of dust impacts in the outer solar system. The average number density of these particles is estimated to be about 2 x 10 -8 m -3, and the average mass is estimated to be about l0 -11 g (i.e., in the micron size range). Both the number density and the particle mass depend on the impact velocity, which has been assumed to be the heliocentric velocity of the spacecraft, -20 k/m. Substantial deviations from this assumed velocity would cause corresponding changes in the estimated number density and particle mass. Griin et al., 1993] .
Assuming that the particles are arriving at the speedof the interstellargas, which is about26 km/s [Witte et al., 1993] ,the flux detectedby Voyagers 1 and 2 (5.2 × 10 -4 m -2 s-l) would be nearly a factor of ten larger than the flux of interstellar dust (8 x 10 -5 m -2 s -1) reported by Griin et al. [1993] . 
